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Background: Backpack wearing is common in numerous populations, including students and 
military personnel. In the past, many studies have explored the effects of backpack wearing on 
posture and gait. Two prior studies found examined the impact of backpack loading on the 
knees. Both studies concluded that backpack carriage as a whole increased knee moments and 
angles which could contribute to future knee pathologies such as osteoarthritis 1,2. Another study 
examined the effects of a hip strap on backpacks and concluded that a hip strap decreased rate 
of perceived exertion in both the lower extremities of participants as well as the neck, shoulder, 
and upper back. It also concluded that participants felt more stable with a hip strap 3. One other 
study that was significant to the researchers of this project was a study about posture and gait 
regarding the use of a BackTpack versus a normal backpack. This study found that this special 
hip loading pack allowed participants to have decreased head and trunk angles, as well as an 
overall more natural stance and gait pattern 4.    
 
Purpose: This study aims to determine the effects at the knee under three different conditions: 
no load at all, a backpack load with only shoulder straps, and a backpack load with shoulder 
and hip straps. Specifically, this study aimed to examine the impact on knee sagittal plane 
moments, angles, and vertical ground reaction forces.  
  
Methods: The researchers used a North Face Angstrom 28 pack loaded with a control weight 
of 9kg. The control weight was found using the average weight of four graduate student 
backpack loads. Participants completed three different trials of unweighted, shoulder loaded 
backpack, and shoulder and hip loaded backpack. Data was collected using the Vicon Nexus 
camera system, Kistler force plates, and standardized bilateral reflective marker placings. 
 
Results: Subject 1 maximum knee flexion angles were 33.5°, 33.7°, 33.5° for the unweighted, 
shoulder, and hip strategy trials respectively. Maximum knee extension angles were on average 
1°, 1.5°, and 1.8° for  the unweighted (SD: 2.6), shoulder (SD: 2.5), and hip strategy (SD: 0.4) 
trials respectively. Subject 1 maximum knee flexion moments for  shoulder (average: 488.9N/kg, 
SD: 69.7) and hip loading strategies (average: 572N/kg, SD: 18.1) were greater than the 
unweighted trial (average: 241.8N, SD: 64). The greatest maximum knee extension moment 
occurred during the unweighted trial (average: 577N/kg, SD: 36.2), while the maximum 
extension moments at the shoulder loading (average: 458.4N/kg, SD: 53.7) and hip loading 
(average: 439.8N/kg, SD: 11.4) decreased with the additional weight. Subject 2’s maximum 
knee flexion was 38.5° (SD: 2.4), 36.6 (SD: 0.8), and 36.6 (SD: 1.1) for unweighted, shoulder, 
and hip loading strategies respectively. Subject 2 never achieved terminal extension angles, 
lacking 0.4° (SD: 1.8), 5° (SD: 1.5), and 3.9° (SD: 1.2) for unweighted, shoulder, and hip loading 
strategies. No significant differences were would with maximum hip flexion angles. The greatest 
flexion moment occurred during the shoulder loading trial (615.4N/kg, SD: 71.7), with the hip 
  
loading trial  (601.6N/kg, SD: 64.8) and unweighted trials (526.3N/kg, SD: 48.3) with lower knee 
flexion moments. The greatest extension moment occurred during the hip loading trial 
(550.5N/kg, SD: 54.6), followed by the shoulder loading trial (547.9N/kg, and SD: 31.8), and the 
unweighted trial (470.1N/kg, SD: 31.2). The values of initial contact peak of the vertical ground 
reaction forces for both Subjects 1 (trial 3: 18.3, trial 2: 18.3, trial 1: 18) and 2 (trial 3: 15.5, trial 
2: 15, trial 1: 15.5) did not change in rate from trial to trial, but did increase in magnitude when 
the weight was added during the shoulder and hip trials as compared to the unweighted trial. 
Sample graphs for subject 1 vertical ground reaction forces are below.  
 
 
 
 
 
Conclusions: Researchers concluded that loading rates were not different between strap 
conditions, knee angles were not significantly different between all conditions, and knee 
moments were not significantly different between strap conditions. However, with the previous 
research that has been done on this topic as well as the slight decrease in the results from this 
study, it may be possible that loading strategy may have an effect on posture, gait, and knee 
mechanics during gait. In order for this conclusion to be proven right or wrong, more studies 
with larger sample sizes need to be conducted.  
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